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Figure 1.  Current breeding range of 
Black-capped Vireo in the United 
States.  The species is presumed 
extirpated from Kansas (blue), 
critically imperiled in Oklahoma 
(red), and imperiled in Texas 
(yellow).  It has been reported from 
Mississippi and New Mexico 
(green) (NatureServe 2002). 
  
 
 
INTRODUCTION 
 
The Black-capped Vireo (Vireo atricapillus: BCVI) is a federally endangered species and 
has been extirpated from most of its historical range (Grzybowski 1995, NatureServe 
2002,  U.S. Fish and Wildlife Service 1987).  BCVI were completely eliminated from 
Kansas in the 1930s and most of Oklahoma (Figure 1).  At present, the 88,890 ha 
military installation at Fort Hood, Texas has the largest breeding population of BCVI 
managed by a single authority (Eckrich et al. 1999).  Historically, habitat loss and brood 
parasitism by the Brown-headed Cowbird (Molothrus ater) are responsible for the 
endangerment of BCVI (Graber 1961; Graham 1988; Tazik 1991; Tazik et al. 1993; 
Grzybowski et al. 1994; Grzybowski 1995; Robinson et al. 1995a,1995b; U.S. Fish and 
Wildlife Service 1996).  The implementation of an effective cowbird control program at 
Fort Hood, however, reduced parasitism incidence from 90.9% of BCVI nests in 1987 to 
only 8.7% by 1997 (Eckrich et al. 1999, Hayden et al. 2000). 
 
While brood parasitism rates have declined, nest predation continues to threaten 
endangered BCVI populations at Fort Hood.  Recent work suggests that nest predation 
during the breeding season often has a greater relative impact on seasonal fecundity 
than parasitism for passerine birds (Schmidt 
and Whelan 1999a, Gryzbowski and Pease 
2000), and further, when both parasitism and 
predation operate at high levels, reduction of 
only one or the other will often have limited 
effects on increasing fecundity (Schmidt and 
Whelan 1999a).  Consequently, understanding 
the role of nest predation in the reproductive 
ecology of Fort Hood’s BCVI population is 
critical.  The introduced Red Imported Fire Ant, 
Solenopsis invicta (Buren) (Hymenoptera: 
Formicidae), and indigenous snakes each 
comprise about one-third of attacks on BCVI 
nests at Fort Hood (Stake 2000).   The Red 
Imported Fire Ant (RIFA) is an invasive, exotic 
species that poses a serious threat to 
terrestrial communities (Wojcik et al. 2001).  
The impact of this ant on BCVI nesting is the 
focus of this investigation. 
 
With the spread of RIFA across Fort Hood 
(Redell 2001), an additional source of nest 
failure for the BCVI and other bird species has 
arisen.  RIFA are aggressive predators and 
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compete with native species (Wojcik 1994, Stoker et al. 1995, Morrison 2002, Parris 
2002), and this ant has only recently colonized this region of Texas (Porter et al. 1991, 
Callcott and Collins 1996, Vinson 1997).  On an evolutionary time scale, this source of 
BCVI nest mortality is a recent phenomenon, and BCVI likely lack adaptations for 
adequate defense.  To date, no endangered species has been reported extirpated 
because of RIFA in Texas (Drees and Vinson 1993), and with careful management, 
BCVI populations at Fort Hood will continue to persist despite this novel but pervasive 
threat. 
 
Understanding the response of BCVI to the presence of RIFA is essential for designing 
effective and proactive management strategies.  Recent nest predation studies have 
established several advantages of utilizing video-monitoring to investigate nest 
predation (Ouchley et al. 1994, Brown et al. 1998, Thompson et al. 1999, Pietz and 
Granfors 2000, Stake 2000).  Alternative predation assessment techniques, which 
include using remote photography (Cutler and Swann 1999), artificial nests (King et al. 
1999, Davison and Bollinger 2000), dummy eggs (Major 1991), and nest remains 
(Marini and Melo 1998, Lariviere 1999) all have inherit disadvantages (e.g., Roper 1992, 
Whelan et al. 1994) and fail to allow for continuous observation of an entire predation 
event.  Video-monitoring, in contrast, enables a unique opportunity to quantify the 
specific timing of behavioral interactions and the detailed progression of each predation 
event, in addition to identifying the responsible predator at each depredated nest. 
 
Oviparous vertebrate species including ground and low nesting birds (such as BCVI) 
are particularly vulnerable to fire ant predation (Allen et al. 1994, Sparks 1999, Jetter et 
al. 2002).  Open-cup nesters, such as BCVI, tend to be more vulnerable to predators 
when placed on the ground versus 1-2 m above the ground (Wilcove 1985).  BCVI 
typically place their nests in twig forks of small trees or shrubs about 0.4 to 1.3 m above 
the ground (Grzybowski 1991).  RIFA, however, may climb as high as 10 m up a tree in 
pursuit of prey (Taber 2000).  RIFA may be more likely to depredate nests closer to the 
ground (0.4 m) and can successfully depredate nests throughout the entire range of 
BVCI nest heights.  RIFA predation may also vary with nest substrate (plant species in 
which nest is located) and nest location in Fort Hood. 
 
Vertebrate nest predation by Solenopsis spp. has been reported for many species, but 
past studies generally have not quantified the behavioral response of the depredated 
species.  Research documents nest predation by Solenopsis spp. in several island-
nesting bird species (Mrazek 1974), Barn Swallow (Hiruno rustico: Kroll 1973), Black-
bellied Whistling Duck (Dendrocygna autumnalis: Delnicki and Bolen 1977), Wood Duck 
(Aix sponsa: Ridlehuber 1982), Northern Cardinal (Cardinalis cardinalis: Conner et al. 
1986), Cliff Swallow (Hirundo pyrrhonota: Sikes 1986), the endangered Least Tern 
(Sterna antillarum: Lockley 1995), multiple species of low-nesting colonial waterbirds 
(Drees 1992 and 1994), and Crested Caracara (Caracara plancus: Dickinson 1995, 
Dickinson and Arnold 1996).   RIFA predation has been documented on reptile 
hatchlings, including the six-lined racerunner lizard (Cnemidorporus sexlineatus: Mount 
et al. 1981), loggerhead sea turtles (Caretta caretta: Moulis 1997, Parris et al. 2002), 
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Sliders (Trachemys scripta: Buhlmann and Coffmann 2001) and gopher tortoise 
(Gopherus polyphemus: Epperson 2002).  RIFA also depredate nestling cottontails 
(Syvilagus floridanus mallurus: Hill 1970) and reduce white-tailed deer (Odocoileus 
virginianus: Allen et al. 1997) fawn recruitment.  
 
Manipulative experiments using Northern Bobwhites (Colinus virginianus) suggest that 
RIFA do not impact hatching success, but RIFA depredate pipping (hatching) eggs, and 
they contribute to decreased survivorship, body mass, and abundance of chicks (Allen 
1993, Allen et al. 1995, Giuliano 1996, Mueller et al. 1999).  RIFA also altered the daily 
activity budgets of pen-raised bobwhite chicks and time spent responding directly to 
RIFA limited the amount of time allocated to other behaviors, such as moving, sleeping, 
and pecking at food, necessary for maintenance and development (Pederson et al. 
1996).  Because of their much smaller size, we expect that the impacts of RIFA on BCVI 
chicks will be severe, and most likely will result in mortality of nestlings. 
 
BCVI should exhibit an age-dependent threshold for mortality response time.  Hatchling 
BCVI are altricial, meaning that young hatch naked with eyes closed weighing 
approximately 1 g and remain completely dependent upon parental care until fledging 
(Grzybowski 1991).  Eyes open at 5 days and the young are tended by both parents 
until they leave the nest, typically at 10-12 days following hatching.  As the age of 
nestlings increases, BCVI nestlings may be less vulnerable to RIFA attack.  The time it 
takes for nestlings to die following the initial onset of RIFA activity in the nest (mortality 
response time) should be greater for older nestlings.  Because some nestlings will flee 
the nest prematurely in response to predation risk, it may be possible that some 
nestlings may be able to escape RIFA attack by using this behavioral response. 
 
A statewide survey suggests that 75% of yearly injuries to (predominantly) domesticated 
animals by RIFA in Texas occur from the months of April to September (Barr and Drees 
1995).  This time period of heightened RIFA activity completely overlaps BCVI 
reproductive activity in Texas, which extends from early April to August, with most 
reproductive activity extending from late April to late July (Grzybowski 1991).  Because 
the seasonal foraging peak of RIFA overlaps with the nesting period of BCVI, we expect 
that BCVI nests will be depredated by RIFA throughout their reproductive season. 
 
Solenopsis spp. tend to follow circadian foraging patterns in response to environmental 
cues, including temperature (Porter and Teschinkel 1978).  Taber (2000) suggested that 
RIFA are mostly nocturnal.  Jusino-Artesino and Phillips (1994) suggested that RIFA 
foraged at all times in severely infested areas, but peak foraging occurred at 2300 h.  
Stake (2000) suggests that RIFA depredation of BCVI nests at Fort Hood tend to occur 
during the night.  This conjecture is supported by activity patterns of other fire ant 
species.  For instance, Solenopsis geminata (Fabricius) primarily foraged on nestlings 
at night (Mrazek 1974).  The intensity of Solenopsis xyloni (McCook) increased 
significantly several hours after sunset with peak foraging between 2100 and 0300 h 
(Hooper 1994, 1997).   
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For RIFA, the window of maximal foraging activity corresponds to temperatures ranging 
from 71.6 to 96.8 °F with reduced activity outside of this range (Porter and Tschinkel 
1987).  At Fort Hood, this temperature range is most often found at night during the time 
of year corresponding to BCVI reproductive activities.  Therefore, most RIFA 
depredation of BCVI nests should occur at night or occur on days when minimum and 
maximum daily temperatures are within this foraging range. 
 
Although past research suggests that RIFA successfully depredate only pipped eggs 
and hatchlings, the presence of RIFA at BCVI nests may indirectly influence the 
development of BCVI eggs.  Solenopsis geminata (Fabricius) has been shown to 
interrupt incubation and cause incubating birds to abandon their nests (Mrazek 1974).  
On average, BCVI incubate a clutch for 14 -17 days and parental care extends for 30-50 
days (Grzybowski 1991).  Thus, disruption of normal parental care by BCVI could result 
in decreased seasonal fecundity.  Below, we quantify the amount of time adults 
allocated to incubation.  We expect that BCVI clutches will remain exposed more often 
in the presence of RIFA activity than prior to RIFA activity. 
 
To our knowledge, no previous research has quantified the length of time RIFA remain 
at natural bird nests following their initial activity at a nest.  Hill (1970) reported that a 
few RIFA were observed in the nest of pen-raised cottontail rabbits (Sylvilagus 
floridanus) two or three weeks following their initial activity in the pens.  The amount of 
time that RIFA spend at a BCVI nest may vary with distance of BCVI nests from RIFA 
nests due to limitation in initial recruitment on foraging trails (Taber 2000).  Typically, the 
altricial young will be defenseless during a RIFA predation event, although premature 
fledging may be induced when chicks reach 8 days (Grzybowski 1991).  We expect that 
RIFA activity will continue at a nest until the food resource (BCVI brood) is completely 
consumed. 
 
 
OBJECTIVES 
 
The objectives of our research are to quantify the response of BCVI adults and nestlings 
to RIFA activity at the nest, and to evaluate the effect of RIFA on the reproductive 
success of BCVI. 
 
 
METHODS 
 
We analyzed behaviors visible on video recordings of BCVI nest attempts at Fort Hood, 
Texas, made available to us by the Natural Resources Branch of Fort Hood and the 
Texas Nature Conservancy.  The videos were recorded during the BCVI breeding 
seasons (April to July) of 1998, 1999, 2000, and 2001.  The recordings were made as 
part of ongoing endangered species monitoring and management at Fort Hood, Texas.  
In addition, the Natural Resources Branch at Fort Hood and the Texas Nature 
Conservancy provided access to extensive computer files documenting depredated 
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Figure 2. Red Imported Fire Ant depredated Black-
capped Vireo nests (Red) and nests not visited by the 
ants (Blue) at Fort Hood (Coryell and Bell Counties, 
Texas) included in the endangered species video-
monitoring project. 
nests video-taped during a video-monitoring project 1998-2001 (in this report, all 
references to “the database” refer to these files).  Stake (2000, 2001) deployed 12 
miniature camera systems (Fuhrman Diversified, Inc., Seabrook, Texas, USA) to 
monitor BCVI nests between 1 April and 31 July for the years 1998-2001 at Fort Hood, 
Texas (Figure 2).  Each camera measured 32 x 32 x 60 mm and consisted of a “dime 
sized” lens surrounded by 6 infrared-emitting diodes (950 nm) that allowed filming at 
night. Time lapse recording documented approximately 24 h of continuous footage on a 
standard 120 minute cassette.  Within each 24 h of footage, each RIFA event at a given 
nest was filmed.  Each RIFA predation event was, therefore, filmed for up to 24 h. 
 
Duration of time is given in decimal hours (h) and time of day in the format hh:mm:ss.  
Values presented as A±B are the mean±standard error, unless otherwise indicated. 
 
Database and video 
analyses 
 
We used the database and 
detailed reports (Stake 
2000, 2001) to identify all 
nests depredated and/or 
visited by RIFA and 
requested copies of 
associated tapes for the 
analysis.  For each nest 
identified in the reports, we 
recorded the nest number, 
outcome for the nest, 
outcome date and time, 
stage of the nest (egg 
stage, nestling stage, or 
post-outcome stage).  The 
outcome date is the date on 
which RIFA depredation 
caused the nest to fail, 
resulting in the complete 
loss of the brood.  Post-
outcome stages were nests 
that had already fledged or 
failed due to reasons other 
than RIFA predation.  
Comments were also noted from the report for each particular nest, if available.   
 
Super VHS ET was used in the video analysis which allowed for freeze frame analysis 
of video clips as well as frame by frame movement forward and backwards during 
analysis of each predation event.  Freeze frame imaging allowed for careful analysis of 
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multiple simultaneous behaviors of adult birds, nestlings, and ants.  Formal analysis of 
each tape began 10 minutes before the initial onset of RIFA nest attacks.  We 
documented any of the following changes in the footage of the tape: Film Quality 
(Appendix 1), Visibility of the Focal Nest (Appendix 2), Sex of BCVI Adult(s) and Adult 
BCVI Behavior (Appendix 3), Clutch Size and Status (Appendix 4), Nestling Number 
and Behavior (Appendix 5), and Presence, Behavior, and Density of RIFA (Appendix 6). 
 
Comments were noted for additional observations that did not fit into the above stated 
categories.  The majority of the behavioral information was decipherable despite noted 
constraints on visibility due to problems in film quality or visibility of nests.  Several 
tapes were unavailable due to battery failure in the field or human error in data entry.  
However, if a particular predation event was not clearly visible due to any of the above 
constraints, the nest was still included in the analyses of non-behavioral data retrieved 
from the database (nest site characteristics, nest location (easting/northing), outcomes 
and outcome date).  Available videos were scanned starting one hour before Stake 
reports identified RIFA activity.  If RIFA were observed in these frames, then we 
rewound the tape until RIFA were no longer present and this became the new start time 
for the onset of RIFA. 
 
Seasonal patterns of RIFA activity at BCVI nests 
 
Available information suggested that RIFA activity levels completely overlaps the 
reproductive season of BCVI at Fort Hood.  However, the level and synchrony of BCVI 
nesting efforts likely varies during the reproductive season from April through July.  This 
raises the potential for RIFA activity levels to vary during the course of the BCVI 
breeding season.  To test this, we analyzed all RIFA activity at BCVI nest attempts in 
relation to the phase in the reproductive season of the BCVI. 
 
Nest site characteristics 
 
RIFA depredated nests reported by Stake (2000, 2001) were identified in the database 
to retrieve information on nest height, nest substrate, and UTM coordinates.  UTM 
coordinates were plotted on a map of Fort Hood for all BCVI nests used in the video-
monitoring project and those visited by RIFA (Figure 2).  Additional nests were identified 
from the database when comments mentioned the possibility of RIFA visits. 
 
Effects of time-of-day and temperature 
 
Because previous research had indicated circadian rhythms in RIFA activity patterns, 
careful records of the timing of RIFA activity were made for all nests.  In addition to daily 
cycles of activity, 2 cm soil temperature is also an excellent predictor of RIFA activity 
(Porter and Tschinkel (1987).  Because soil temperature measurements were not 
available for Fort Hood during the time of the video taping, we examined daily 
temperature variations for Killeen Airport in Killeen, Texas (adjacent to Fort Hood) for 
May 15, June 15, and July 15 in 1999, 2000, and 2001.    Temperatures were not 
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available for 1998.  From these data, a comparison was possible between the mean 
time of initial onset of RIFA attacks on BCVI nests and relative daily temperatures.  The 
minimum, mean, and maximum daily surface temperatures for Fort Hood, Texas were 
also retrieved from NOAA (National Oceanic and Atmospheric Administration, U.S. 
Department of Commerce 2002) for all dates of the initial onset of RIFA nest attacks 
(the first time a RIFA was observed at a nest).  These temperatures were compared to 
the range of temperatures of 22 to 36 °C (71.6 to 96.8 °F) corresponding to maximal 
RIFA foraging activity reported by Porter and Tschinkel (1987). 
 
Duration of RIFA activity 
 
Because the quality of a BCVI nest as a food resource for RIFA may vary with nest 
stage, the length of RIFA activity at a nest may also vary with stage.  To test for this, we 
calculated the duration of RIFA activity at all BCVI nests analyzed.  Due to the 
constraints of a 24 hour-long tape, the minimum duration of RIFA activity at a nest 
included only the time that RIFA were visibly observed.  In some cases, RIFA were 
present when the tape ended.  If the follow-up tape was available with footage for the 
entire next 24 h period, this was included in the analysis.  For two nests, time 
constraints did not allow for access to follow-up tapes.  Therefore, only the minimum 
duration of RIFA activity at the nest was estimable.  Nests 2.24.1 (egg stage), 24.7.1 
(nestling stage), 2.21.1 (post-outcome), and 24.11.2 (post-outcome) were also 
depredated by RIFA but duration times were not estimable due to the lack of good 
quality video footage. 
 
RIFA activity at the egg and nestling stages of the BCVI nest cycle 
 
RIFA are known to breach eggs and feed upon the contents when there are 
imperfections or irregularities to the egg shell surface.  However, RIFA may not respond 
to intact eggs.  In contrast, we expect nestlings are instantly recognized as rich food 
resources.  Therefore, RIFA behavior and activity levels may vary between the egg and 
the nestling stages of the nest cycle.  Nests within those two nest stages were 
compared relative to RIFA activity and behavior. 
 
Mortality response time 
 
For nests depredated by RIFA in the nestling stage, mortality response time was 
calculated to estimate the amount of time it took the RIFA to kill the entire brood of 
nestlings.  We defined mortality response time to begin when the adult BCVI stops 
brooding the nest and at least one nestling in the brood exhibits behavior suggesting 
RIFA attack, and to end when every nestling of the brood becomes motionless 
(assumed to be dead).  Age of each depredated brood of nestlings was known for nests 
2.3.1, 2.26.1, 24.41.2, 44.27.1, and 44.8.3 in 1999, 2000, and for all nests in 2001.  Age 
of nestlings on outcome dates, however, were not reported in the database for nests 
2.27.2, 3.7.1, 24.12.2, and 44.36.1 in 1998.  The laying date for nest 2.27.2 from 1998 
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was recorded and the age of nestlings on the outcome date was estimated based on an 
average incubation time for BCVI of 16 days (Grzybowski 1991). 
 
Nest defense behavior 
 
Efforts of parent BCVI to defend their nests from RIFA are dramatic and appear 
energetically costly, even though they inevitably fail.  The behaviors exhibited in 
defense include pecking at ants, movements within and around the nest on supportive 
plant substrates, and flights around and to and from the nest.  To estimate the potential 
costs of nest defense against RIFA, we quantified the relative amount of time the adult 
bird(s) spent in various behaviors.  We estimated energetic expenditure for nest 
defense based on data available in the literature (Aschoff and Pohl 1970; Ricklefs and 
Williams 1984; Williams and Nagy 1984).  The energy expended on defense can then 
be compared to the energy expenditure that would be expected in the absence of RIFA 
attack.  For these calculations, we used a random sample of individuals available in the 
tape archives. 
 
Williams and Nagy (1984) compared estimates of daily energy expenditure in Savannah 
Sparrow (Passerculus sandwichensis) using models found in select studies of time-
energy budgets with direct measurements based on the doubly-labeled water method.  
They found good agreement using a model developed by Mugaas and King (1981).  In 
time-energy budgets such as that of Mugaas and King (1984), each behavior of interest 
is given an estimated energy expenditure as some multiple of the basal or standard 
metabolic rate.   
 
We calculated the basal metabolic rate for BCVI using allometric equations provided in 
Aschoff and Pohl (1970).  For estimating the costs of defense behavior, with the 
exception of brooding, we used the equation for basal metabolic rate corresponding to 
the active phase of the daily cycle.  The behaviors observed during RIFA attacks, and 
their assigned multiples of basal metabolic rate, include: brooding (1.0 or 2.3 x basal); 
alert perching (1.7 x basal); pecking (1.8 x basal); hopping (2.0 x basal); hopping 
pecking (3.8 x basal); rapid pecking (5 x basal); flying around nest (11 x basal).  Note 
that there is no equivalent behavior to hopping pecking and rapid pecking in the model 
of Mugaas and King (1981).  For hopping pecking we simply summed the costs for 
hopping and pecking.  We arrived at our estimate for rapid pecking of (5 x basal) 
assuming that it would be close to the expenditure of a short flight, for which Mugaas 
and King (1981) assigned a cost of (6 x basal).   
 
All observed brooding behavior included in our estimates of energy expenditure 
occurred early in the period of RIFA activity, when the bird was roused from sleep and 
presumably operating at its inactive basal rate.  Therefore, in these estimates, we 
calculated energy expenditure of brooding using the inactive phase basal metabolic 
rate.  Once the parent bird is aroused and engaged in nest defense, we assume that 
appropriate basal rate corresponds to the active phase basal rate.  Finally, for each bird 
analyzed for energy expenditure, there was some portion of time (sometimes 
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substantial) during which the focal bird was not visible in the footage (these are coded 
as n/a or not available).  Although it is possible that the bird was engaged in a variety of 
behaviors directed toward the RIFA while out of the view of the camera, we assume that 
the bird was simply perched and alert (alert perching with a cost of 1.7 x basal). 
 
Because RIFA attacks generally occurred at night, to estimate the energy the bird would 
have expended during a comparable period of time, but in the absence of RIFA, we 
used the equation for the inactive (sleep) phase of the daily cycle.  There is 
disagreement over the energy expenditure of incubation and brooding.  For instance, 
Ricklefs and Williams (1984) estimated incubation by the European starling, Sturnus 
vulgaris, to cost (2.89 x basal).  Based on an allometric equation for incubation costs in 
Tatner and Bryant (1993), incubation for BCVI would incur a cost of (2.4 x basal).  But 
these costs are based on daily expenditures and thus include costs of foraging and 
maintenance, etc.  In contrast, Walsberg and King (1978) estimated that incubation, due 
to microclimatic attenuation owing to nest location, in conjunction with the insulatory 
properties of the nest, actually reduces energy expenditure.  Because the birds used in 
our estimates of defense energy expenditure were all brooding young, who would 
themselves be capable of thermogenesis, and because ambient temperatures in Texas 
are certainly in the themoneutral zone of BCVI, we assume that the energy expended 
by brooding adults would be equal to basal metabolic rate in the inactive phase. 
 
Interspecific interactions among BCVI nest predators 
 
Like most songbird species, BCVI nests (and adults)  are preyed upon by multiple 
predators.  This raises the potential for competitive interactions among nest predators 
(e.g., dominance, interference).  Video analysis, as stated above, is an ideal method for 
detecting such events, which are notoriously difficult to observe through standard field 
observations.  All such interactions captured on the analyzed videos were carefully 
documented, and taxonomic specialists were consulted for positive identification when 
necessary. 
 
 
RESULTS 
 
Twenty-four nests containing footage of RIFA were identified from either the database, 
the Stake (2000, 2001) reports, or both (Table 1).  Of these nests, high quality film 
footage was available for nineteen nests.  Of these nineteen nests, the initial onset of 
RIFA activity occurred at the egg stage (N = 6 nests), nestling stage (N = 9 nests), and 
post-outcome (N = 4 nests).  Some of the nests had footage on more than one video 
tape. 
 
When the onset of RIFA activity coincided with BCVI nests that were still in the egg 
phase of the nest cycle (N = 5), three nests were abandoned, one nest was depredated 
by a rat snake, Elaphe obsoleta (unable to determine subspecies from tape) following 
initial RIFA activity, and in one the female carried two or three eggs away from the nest,  
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Table 1.  Video tapes of Black-capped Vireo nests with Red Imported Fire Ant activity. 
 
 
INHS 
Tape # 
BCVI 
Nest # 
Ability to 
Analyze  Tape Stage of Nest Outcome 
 
 
9 24.48.1 Analyzed Egg Abandoned due to 
RIFA activity 
     
21 BCVI 2 Analyzed Egg/nestling RIFA predation 
     
30 24.5.1 Analyzed Egg Abandoned due to 
RIFA activity 
     
38 2.24.1 Poor quality 
tape 
Egg snake predation1 
     
22, 23 BCVI  7 Analyzed Egg  RIFA activity;      
nest failure2 
     
3, 37 2.29.1 Analyzed Egg Abandoned due to 
RIFA activity  
     
5, 6 2.28.2 Analyzed Egg/Post-
outcome 
Abandoned due to 
RIFA activity 
     
12 2.3.1 Analyzed Nestling RIFA predation 
     
13 44.27.1 Analyzed Nestling RIFA predation 
     
26 3.7.1 Analyzed Nestling RIFA predation 
     
29 44.36.1 Analyzed Nestling RIFA predation 
     
32 24.12.2 Analyzed Nestling RIFA predation 
     
34 2.27.2 Analyzed Nestling RIFA predation 
     
41 44.8.3 Analyzed Nestling RIFA activity, then 
snake predation 
 
(Table 1 is continued on following page) 
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Table 1.  Continued. 
 
 
INHS 
Tape # 
BCVI 
Nest # 
Ability to 
Analyze  Tape Stage of Nest Outcome 
 
 
7, 39 2.43.1 Tape blank:  
Battery failure 
Nestling RIFA predation 
     
24, 25, 44 24.7.1 Tape blank: 
Battery failure 
Nestling RIFA predation 
     
11 2.26.1 Analyzed Nestling RIFA predation 
     
35, 36 24.41.2 Date 
unavailable 
Nestling RIFA predation 
     
16, 17 24.11.2 Analyzed Nestling/Post-
outcome 
RIFA predation 
     
8 44.56.2 Analyzed Nestling/Post-
outcome3 
RIFA predation 
     
27, 28 12.2.1 Analyzed Post-outcome Fledged, then RIFA 
activity 
     
33 24.7.2 Analyzed Post-outcome Fledged, then RIFA 
activity 
     
40 2.21.1  Analyzed Post-outcome Failure due to 
weather, then RIFA 
activity 
     
43 2.3.2 Analyzed Post-outcome Fledged 2, then 
RIFA activity 
 
 
1 The database indicated that RIFA observed 3 days prior to reported snake predation.  
2 Female BCVI carried each of 3 eggs from nest under RIFA attack, then abandoned 
nest. 
3 RIFA predation occurred on earlier tape unavailable for analysis.  Tape examined still 
had RIFA and BCVI activity. 
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Figure 3.  The effect of season on the number of Black-
capped Vireo nests depredated by Red Imported Fire Ants 
by nest stage (egg, nestling, and post-outcome) and the 
total number of nests depredated.  Data are pooled for 
1998 - 2001.
after which the nest was abandoned.  When RIFA activity occurred when the nest 
contained both egg and nestling (N = 2), RIFA depredated the nestlings, after which the 
nests were abandoned by the adults.  Initial activity of RIFA coinciding with the nestling 
stage of the nest cycle led to predation by RIFA (N = 12) or snake predation in the 
presence of the RIFA (N = 1).  For nests visited by RIFA initially in the post-outcome 
stage, some of the nests had already successfully fledged at least one individual before 
the onset of ant activity (N = 3), while the other failed due to inclement weather (N = 1). 
 
 Seasonal patterns of RIFA activity at BCVI nests 
 
No BCVI nests had RIFA activity in the first month of the breeding season (April).  Most 
RIFA depredated nests were initially visited by RIFA between 21 May and 10 June 
(Figure 3).  Outcome dates due to ant predation ranged from 6 May to 20 July.  Nests 
were depredated by RIFA from 21 May to 27 June at the egg stage and from 6 May to 
20 July at the nestling stage.   
 
We divided the nesting season of BCVI into four intervals (1 [1 May – 20 May] through 4 
[1 July – 20 July]) to look for possible seasonal effects (Figure 3).  The total number of 
RIFA depredated nests increased from the 1st time interval to the 2nd, and then declined  
in the 3rd and 4th time 
intervals.  The data 
follow the same trend 
when only nests at the 
egg stage are 
considered.   The data 
are too limited to reveal 
any seasonal effect for 
the number of nestlings 
depredated.  RIFA visits 
increased from the 1st 
time interval to the 2nd, 
remained constant for 
the 3rd, and then 
declined again in the 4th 
time interval. 
 
RIFA depredated nests 
were observed at 
multiple sites included in 
the video-monitoring 
assessment (Figure 2; 
Stake 2000). 
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Effects of nest site characteristics 
 
The nest height of all nests depredated by RIFA in 1998, 1999, 2000, and 2001 
averaged 0.904±0.058 meters with nests ranging from 0.220 to 1.340 meters off the 
ground (Table 2).  Of nests depredated by RIFA, 69.6% occurred at the upper half of all 
nest heights (0.772 to 1.332 m) and only 30.4% of RIFA depredated nests occurred in 
the lower half of nest heights (0.220 to 0.771 m; Figure 4).  Further, nest outcome 
(successful, depredated or abandoned due to RIFA, or depredated by other nest 
predator) was not related to nest height (Figure 5).  Most RIFA depredated nests were 
found in Shin Oak (N = 14). 
 
Two depredated nests were found in each of the following species:  Buckeye, 
Hackberry, and Texas Ash.  Only one nest was found in each of the following tree 
species:  Eastern Redbud and Live Oak.  The occurrence of RIFA activity was not 
dependent on plant species used for substrate of BCVI nests (χ2 = 3.66, df = 5, P > 0.5).  
Nest success or failure (due to predation or abandonment) in relation to nesting 
substrate was examined by evaluating nest outcome for all nests in the data base in 
relation to plant species used for nesting substrate (Figure 6).  Although some variation 
is evident, that variation is difficult to interpret due to small numbers in some species 
(Live Oak, Mexican Plum; species lumped into the category “other”; Figure 6).  Another 
factor making substrate data difficult to interpret is that there is no information on plant 
species available for BCVI to use for nesting substrate.  However, even for the plant 
species with larger numbers of nests (e.g., Shin Oak, Eastern Redbud, Texas Oak), 
there does not appear to be an influence of plant species on nest outcome. 
 
Effects of time-of-day and temperature 
 
Initial RIFA activity at all BCVI nests occurred at night, typically close to midnight (Figure 
7).  The average time of day for the initial onset of RIFA activity was 0:49:56±0:38:46 h. 
Daily temperature variations for May 15, June 15, and July 15 in 1999, 2000, and 2001 
(reported by Killeen Airport, 2002) suggest a decline in temperature as time approaches 
midnight during the BCVI breeding seasons (Figure 8).  Daily temperature at Killeen 
Airport typically reaches its maximum in afternoon, mean around midnight, and 
minimum just before sunrise.  The average daily surface temperatures for the dates of 
the initial onset of RIFA at depredated BCVI nests for May-July from 1998 through 2001 
(NOAA 2002) are: minimum (77.214±1.046 °F), mean (85.593±1.074 °F), and maximum 
(93.929±1.263 °F).  The mean surface temperature for days of RIFA nest activity differs 
significantly from both the minimum and the maximum surface temperatures for 
outcome dates (Paired t-tests, p < 0.001 for both tests). 
 
Duration of RIFA activity 
 
The minimum observed duration for all RIFA activity at BCVI nests was 15.728±3.307 h 
and ranged from 5.023 to 57.207 h for all nests (Figures 9 and 10).  RIFA were still 
present at the end of footage for eleven of the tapes.  For the two nests for which  
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Table 2.  Date of initial arrival of Red Imported Fire Ants at Black-capped Vireo nests, 
nest substrate and nest height. 
 
 
Nest Date of First Nest Substrate Nest Height 
Number arrival of RIFA (tree species) (meters) 
 
 
24.48.1 27 June 1999 Hackberry 0.99 
BCVI 2 21 June 2001 Eastern Redbud 0.70 
24.5.1 24 May 1998 Shin Oak 1.13 
2.24.1 29 May 2001 Shin Oak 0.61 
BCVI  7 27 June 2001 Mexican Buckeye 0.64 
2.28.2 16 June 1999 Shin Oak 1.05 
2.3.1 29 May 2000 Shin Oak 0.85 
44.27.1 1 July 2000 Shin Oak 0.96 
3.7.1 15 May 1998 Shin Oak 0.82 
44.36.1 21 May 1998 Shin Oak 1.09 
24.12.2 3 June 1998 Shin Oak Not available 
2.27.2 21 June 1998 Texas Oak 0.56 
44.8.3 17 June 2000 Texas Oak 0.74 
2.43.1 24 June 1999 Texas Ash 1.07 
24.7.1 6 May 1998 Shin Oak 1.03 
2.26.1 21 May 2000 Mexican Buckeye 0.58 
2.29.1 21 May 1999 Shin Oak 0.22 
24.41.2 20 July 2000 Shin Oak 1.11 
44.56.2 24 June 1999 Shin Oak 1.17 
12.2.1 14 May 1998 Live Oak 1.00 
24.7.2 10 June 1998 Shin Oak 1.18 
2.21.1 27 May 2000 Shin Oak 1.32 
2.3.2 2 July 2000 Texas Ash 0.63 
24.11.2 19 June 1998 Hackberry 1.34 
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Figure 4.  The number of Black-capped Vireo 
nests depredated by Red Imported Fire Ants 
at different nest heights. 
Figure 5.  BCVI nest fate or outcome in relation to height of nest above ground.  A) 
Least square mean nest height for each nest fate with standard errors.  Nest height 
did not differ depending upon nest fate (one-way ANOVA, F7,114 = 0.982, P = 0.448).  
B) Box and whisker plot of nest heights for each nest fate. 
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Figure 7.  Box and whisker plot of time of initial onset of Red 
Imported Fire Ants at Black-capped Vireo nests in h before (-) 
and after midnight for all nests depredated by the ants (1998 - 
2001). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.  Fate of Black-capped Vireo nests in relation to plant species in which 
nest is placed.  Numbers above bars indicate sample size of nests in each plant 
species (χ2 = 21.196, df = 18, p = 0.270). 
  22
 
Figure 8.  Daily temperature variations for May 15, June 
15, and July 15 in 1999, 2000, and 2001 (reported by 
Killeen Airport, 2002). 
Figure 9.  Mean and standard error of duration of Red 
Imported Fire Ant visits at Black-capped Vireo nests 
according to of the nest cycle. 
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Figure 10.  The minimum observed duration (h) of Red 
Imported Fire Ants visits at each of the observed focal 
Black-capped Vireo nests by nest stage (egg, nestling, 
and post-outcome. 
additional tapes were 
available (each tape is 
only 24 h), RIFA 
remained at the nest 
for a total of 38 and 57 
h.  When duration 
times were separated 
by nest stage at first 
onset of ants,  
 
RIFA remained at 
nests 26.566±11.232 h 
for the egg stage, 
10.854±1.163 h for the 
nestling stage, and 
15.858±7.528 h for the 
post-outcome stage.  
The stage of the nest 
does not significantly 
affect the duration of 
the RIFA predation 
event (one-way 
ANOVA, F2,14 = 2.08, p 
= 0.161). 
 
RIFA activity at the egg stage 
 
Nest failure in six BCVI nests was attributed to RIFA activity at the egg stage (Table 1).  
In an additional nest (BCVI nest 2.24.1 in 1999), RIFA were reported in the database, 
but nest failure three days following this report was attributed to snake predation  Of the 
nests that failed due to RIFA activity, 67% (N = 4) were being incubated and 33% (N = 
2) were exposed (had no incubating adult present) at the onset of RIFA activity (Figure 
11).  The average proportion of time allocated to incubation was only 0.223±0.095 h and 
to exposure was 0.777±0.095 h for the interval when RIFA are present in densities of 
greater than 10 (Figure 12).  The two nests (24.48.1 and BVCI 2) that were exposed at 
the onset of RIFA activity remained exposed for the entire duration of RIFA activity or 
until taping concluded.  Overall, in the presence of RIFA, the proportion of time nests 
were exposed was significantly greater than the proportion of time the nests were 
incubated (Figure 13, Paired t-test, p = 0.033). 
 
RIFA activity at the nestling stage 
 
None of the nests (N = 13) visited by RIFA in the nestling stage fledged.  All observed 
RIFA predation events at the nestling stage resulted in mortality of all nestlings, with the 
possible exception of survival for one nestling that prematurely fledged from nest  
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Figure 11.  Impacts of Red Imported Fire Ant activity on Black-capped Vireo 
incubation behavior for nests in the egg stage. 
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Figure 13.  The mean (±standard error) proportion of time 
allocated by adult Black-capped Vireo to incubation (parent 
incubating clutch) and exposure (parent not incubating 
clutch) for nests (N = 6) at which there was Red Imported 
Fire Ant activity at the egg stage.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12.  The proportion of time adult Black-
capped Vireos incubated their clutch of eggs and 
proportion of time the clutch was exposed for the 
six nests attacked by Red Imported Fire Ants at 
the egg phase of the nest cycle. 
  26
Figure 14.  The effect of Black-capped 
Vireo nestling age on the mortality 
response time (r² = 0.945, p = 0.006).
24.41.2.  Most observable nestlings (N = 6 nests) exhibited “panic behavior” at the onset 
of the RIFA activity.  When exhibiting panic behavior, nestlings began moving 
erratically, and in some cases appeared to peck at the ants in the nest. 
 
Nestlings at nest 3.7.1 (unknown age of brood) remained asleep (or still) for the first 
0.506 h that RIFA were present before exhibiting panic behavior.  After the nestlings 
initially began to squirm and peck in response to the RIFA, the nestlings switched back 
and forth between panic behavior (1.842 h) and remaining motionless (1.649 h) before 
all nestlings were apparently dead.  The oldest nestlings observed (nine days old at 
nest 44.8.3) that were attacked by RIFA also remained motionless during the first 0.406 
h of RIFA activity.  Once the nestlings first exhibited behavior indicating the presence of 
the ants, they spent 0.228 h in panic behavior and 0.065 h remaining motionless.  This 
reaction time, however, was interrupted by snake predation (see below). 
 
Mortality response time 
 
Mortality response time was estimable for only those nests at the nestling stage with 
good quality footage (N=8).  For these nests, mortality response time was highly 
variable at 0.990±0.436 h, with nests ranging from 0.136 to 3.491 h.  This mean 
includes nest 24.41.2, although the ultimate fate of one nestling was not observed 
because it prematurely fledged from the nest eight minutes and 32 seconds (0.136 h) 
following the onset of RIFA activity 
(Appendix 9, Video Clip 16).  The other 
two nestlings in this brood, however, 
already appeared dead at this time (see 
description below).  Estimated maximum 
response time included mortality of 
nestlings at nest 44.8.3 resulting from 
snake predation at 3.491 h after the onset 
of RIFA activity.  The other nests for 
which age of depredated nestlings was 
estimable included nests 2.3.1, 2.26.1, 
2.27.2, 44.27.1, 24.41.2, and 44.8.3 but 
not 3.7.1, 24.12.2, or 44.36.1.  Nest 
24.41.2 was not included in the linear 
regression because the fate of the third 
nestling was undetermined.  The linear 
regression indicates that mortality 
response time increased significantly with 
increased BCVI nestling age (r² = 0.945, p 
= 0.006; Figure 14).   
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Figure 15.  An adult Black-capped Vireo pecking to remove ants from the nest. 
Image is a frame from video clip 5 (see enclosed CD). 
 
Nest defense behavior 
 
Active BCVI behavioral defense against RIFA predation was observed.  Adult BCVI 
were observed attempting to peck and remove RIFA from nests during all predation 
events (Figure 15, Appendix 9, Video Clip 5).  At nest BCVI 7, an adult female BCVI 
was observed removing her eggs from a depredated nest by carrying (one at a time) 
each of three eggs away from the nest in her bill, starting at 06:50:24 on 25-Jun-01.  
This behavior is most clearly seen at 06:51:09 on 25 June 2001 (Figure 16, Appendix 9, 
Video Clip 8).  At nest 24.41.2, one seven day old nestling prematurely fledged from a 
its nest in response to RIFA attack at 17:19:40 on 20 July 2000, eight minutes and 32 
seconds after the initial onset of the RIFA attack.  RIFA were present at the start of the 
footage and the other two nestlings were motionless (assumed dead) at the time the 
third nestling prematurely fledged from the nest. 
 
BCVI parents attempted to repel the RIFA by pecking at them.  Initially defense involved 
only the bird (usually the female) that was actively brooding the nestlings, but often the 
mate would join in defense.  A typical sequence of behaviors (see Figure 17) usually  
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Figure 16. An adult Black-capped Vireo is removing an egg from the nest. Image 
is a frame from video clip 8 (see enclosed CD).  
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Figure 17.  Typical adult Black-capped Vireo sequence of 
behavioral responses to Red Imported Fire Ant activity at nest. 
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begins with the brooding bird first exhibiting behaviors suggesting the presence of RIFA 
before the ants are clearly visible in the footage (agitation).  The bird stirs in the nest, 
pecking at the nest or preening/ pecking at itself.  This then gives way to the bird rising 
in the nest or hopping up onto the nest rim.  By this time, RIFA are usually visible in the 
footage.  Often the parent BCVI pecks at an extremely rapid rate (rapid pecking), 
sometimes while on the nest and sometimes while on the supportive branch close to the 
nest (distal defense).  Ultimately the parent is apparently unable to withstand the attack 
and flies off.  Generally the parent makes frequent flights back to or around the nest, still 
appearing to remove ants from the nest (aerial defense).  If the mate joins the nest 
defense, it typically occurs during this phase of nest defense (aerial defense).  After 
some period of aerial defense, the nest is first abandoned by the female, and then by 
the male.   
 
Video sequences analyzed for energetic expenditure of nest defense behaviors ranged 
in length from 0.20 to 7.33 h (Table 3).  Most of this time was categorized as “Not 
available”, indicating that the focal bird was not visible in the footage.  Pecking, alert 
perching, and rapid pecking were the three most abundant defense behaviors.  Most of 
the estimated energetic cost of defense is attributed to the period when the bird is “Not 
available”.  The most energetically expensive defense behaviors were flying, rapid 
pecking, and pecking. 
 
From Table 3, we calculated the expected energetic expenditure of an adult BCVI 
brooding nestlings.  The mean time spent in defense was 2.84 h, over which an adult 
BCVI brooding would be expected to expend 1.86 kilojoules (kJ) (2.84 h x 0.655 kJ/h).  
This indicates that adult BCVI expend approximately 2.77 x more energy (5.147 kJ/1.86 
kJ) in the presence of RIFA activity than would be expended in their absence. 
 
Interspecific interactions among BCVI nest predators 
 
Interspecific interactions among predators were observed during the analysis.  In the 
presence of RIFA at BCVI nest 2.28.2, a rat (Rattus sp.) failed to depredate the nest, 
which was at the egg stage during the event on 16 June 1999.  The rat was close to the 
eggs, but then quickly retreated from the nest, apparently  in response to the presence 
of RIFA, without taking any BCVI eggs from the nest (Appendix 9, Video Clip 2).  Stake 
(2000) reported that close examination of eggs in this clutch revealed that one egg was 
scratched or “nicked”, presumably by the rat.  A rat snake (Elaphe obsoleta) was 
observed at BCVI nest 44.8.3, containing nine day old nestlings, 3.491 h after the initial 
onset of RIFA activity at the nest.  In this case, the nestlings were still alive upon the 
arrival of the snake at 05:48:20 on 17 June 2000.  The snake succeeded in taking all 
three nestlings one at a time in seven minute intervals despite the presence of the RIFA 
(Figure 18, Appendix 9, Video Clip1).  RIFA remained at the nest until the end of the 
footage even though the snake had consumed all of the nestlings within the nest.  No 
other snakes or rats were observed in any other footage we examined of BCVI nests 
with RIFA activity, but the database does report that nest 2.24.1 from 1999 had RIFA 
activity three days prior to its being reported as being depredated by a snake. 
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Table 3.  Time and energy (in kilojoules, kJ) expended in various behaviors associated 
with defense of nests of Black-capped Vireos against Red Imported Fire Ants.  For each 
behavior observed, mean, standard error and range of times (h) and energy (kJ) 
expended (see Appendix 7) for a random subsample of ten nests (five defended by 
males and five defended by females) is presented. 
 
 
   Mean kJ 
  Mean Time Time  expended Range kJ 
Behavior ( ±S.E.) Range (±S.E.) expended 
 
 
Brooding 0.0539 0.0 - 0.539 0.0848 0.0 - 0.0848 
 (0.0539)  (0.0848) 
 
Alert perching 0.1314 0.0 - 0.775 0.199 0.0 - 1.175 
 (0.073)  (0.111) 
 
Flying 0.0463 0.00028 - 0.208 0.509 0.003 - 2.29 
 (0.022)  (0.244) 
 
Hopping 0.042 0.0 - 0.136 0.075 0.0 - 0.243 
 (0.017)  (0.029) 
 
Pecking 0.181 0.011 - 0.583 0.29 0.018 - 0.936 
 (0.061)  (0.098) 
 
Hopping/pecking 0.011 0.0 - 0.065 0.037 0.0 - 0.22 
 (0.007)  (0.025) 
 
Rapid pecking 0.088 0.0 - 0.424 0.443 0.0 - 2.12 
 (0.05)  (0.25) 
 
Not available 2.314 0.0 - 7.08 3.51 0.0 - 10.73 
 (0.879)  (1.33) 
 
Overall defense 2.84 0.2 - 7.33 5.147 0.557 - 12.50 
 (0.88)  (1.38) 
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Figure 18.  A rat snake (Elaphe obsoleta) leaving the Black-capped Vireo nest 
after consuming all three nestlings.  Note the enlarged area on body.  Both 
Elaphe obsoleta lindheimeri (Texas Rat Snake) and E. o. emoryi (Great Plains 
Rat Snake) occur at Fort Hood, but the tape quality was not sufficient for 
subspecific identification.  The Texas Rat Snake is typically considered to be the 
more arboreal of the two subspecies. Image is a frame from video clip 1 (see 
enclosed CD).  
  33
 
DISCUSSION 
 
Red Imported Fire Ant activity occurred at nests of the endangered Black-capped Vireo 
at Fort Hood, Texas, at all nest stages (egg stage, nestling stage, and post-outcome).  
RIFA activity was documented throughout the BCVI breeding season (May-July), at all 
training areas at Fort Hood known to be selected for breeding, and at heights in 
vegetation within the typical range of nest heights of BCVI.  The analyses show clearly 
that once a BCVI nest is encountered by RIFA, is the inevitable failure of the BCVI 
reproductive attempt.  It is not surprising, therefore, that RIFA constitute one of the two 
predominant sources of nest predation on BCVI at Fort Hood. 
 
Seasonal patterns of RIFA activity at BCVI nests 
 
As expected, BCVI nests were depredated in most months (May-July) of the breeding 
season.  This coincides with the results of a recent survey of predominantly 
domesticated animals, in which it was found that 75% of the RIFA related injuries occur 
within the months of April to September in Texas (Barr and Drees 1995).  This seasonal 
peak in foraging activity by RIFA overlaps with the entire breeding season of BCVI.  
Nests in the nestling stage were depredated equally across the entire interval of the 
study.  The number of depredated nests in the egg stage peaked earlier in the breeding 
season than the number of depredated nests at the post-outcome stage.  This suggests 
that RIFA foraging success did not vary with season, and that the total number of active 
BCVI nests decreased as the breeding season progressed. 
 
BCVI nest site characteristics 
 
RIFA depredation was recorded at video-monitored nests throughout much of the BCVI 
breeding habitat at Fort Hood (Figure 2).  RIFA are present and have effectively 
depredated nests throughout all of the sampled BCVI breeding range in Fort Hood, 
Texas.  Management of RIFA nests at all three sites, therefore, appears to be crucial for 
the survival of endangered BCVI at Fort Hood. 
 
Similarly, RIFA successfully depredated nests throughout the entire range of BVCI nest 
heights, with depredated nests ranging from 0.22 to 1.34 meters above the ground.  The 
range of heights of BCVI nests depredated by RIFA exceeds the typical range BCVI 
nest heights (0.4 to 1.3 m) reported by Grzybowski (1991).  This in turn suggests that 
RIFA are effective foragers at all BCVI nest heights.  This is also consistent with the 
observation that RIFA climb vegetation up to 10 m in pursuit of prey (Taber 2000).  Of 
nest depredated by RIFA, 69.6% occurred at the upper half of all nest heights (0.772 to 
1.332 m) and only 30.4% of RIFA depredated nests occurred in the lower half of nest 
heights (0.220 to 0.771 m).  These data confirm the ability of RIFA to depredate nests 
even at upper heights of the vireo range. 
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In addition, there is no evidence that nest placement in particularly plant species either 
enhances or decreases probability of encounters with RIFA.  This is not surprising given 
the typical explanations for plant species having effects on nest predator effectiveness.   
For instance, Schmidt and Whelan (1999b) reported that two woodland songbird 
species in Illinois exhibited elevated nest predation in plant species that lacked 
formidable thorns or spines, or that offered sturdy branches allowing access of medium 
to large sized mammals such as raccoons (Procyon lotor).  Such characteristics would 
not likely affect RIFA access to nests in vegetation. 
 
Effects of time-of-day and temperature 
 
All RIFA initially arrived at each of the nests at night and most arrived around midnight 
(0:49:56) when the daily temperatures were approaching the mean  S.E. daily 
temperature of 85.59±1.074 °F.  This mean surface temperature for days of RIFA 
predation differs significantly from both the minimum and the maximum surface 
temperatures for predation dates.  The estimated temperature at the time of maximal 
RIFA foraging activity at Fort Hood of 85.5±1.074 °F is very close to the middle of the 
window of maximal foraging activity of 84.2 °F observed by Porter and Tschinkel (1987).  
The data support their prediction that RIFA follow circadian foraging patterns based 
upon temperature.  These data are also consistent with previous research suggesting 
that RIFA foraging typically begins around midnight (Stake 2000) and remains mostly 
nocturnal (Taber 2000). RIFA foraging patterns were also similar to that of Solenopsis 
geminata (Fabricius), which primarily foraged on nestlings at night (Mrazek 1974), and 
that of Solenopsis xyloni McCook, with peak foraging between 2100 and 0300 h 
(Hooper 1994, 1997).  This peak in foraging occurs at possibly the most vulnerable time 
of the day for the BCVI (Graber 1961) when the birds are asleep in the nest. 
 
Duration of RIFA activity 
 
Our findings suggest that RIFA disrupt normal parental care at the egg stage and 
decrease nest success due to nest abandonment by the adult.  On average, BCVI 
incubate a clutch for 14 - 17 days and parental care extends for 30-50 days 
(Grzybowski 1991).  For those nests encountered by RIFA at the egg phase of the 
nesting cycle, 67% of the nests (N = 4) were attended by an incubating adult BCVI, and 
33% of the nests (N = 2) were exposed (not incubated by an adult BCVI).  In contrast, 
while RIFA were present, the proportion of time nests were exposed was significantly 
greater than the proportion of time the nests were incubated.  Increased exposure 
(decreased incubation) can allow eggs to cool below temperatures necessary for 
optimal development (Lundy 1969, Drent 1975, Williams 1993).  This finding suggests 
that  even though RIFA are able to directly depredate only pipped eggs and hatchlings, 
the presence of RIFA at BCVI nests may be indirectly detrimental to the development of 
BCVI eggs.  In fact, none of the BCVI nests with RIFA activity at the egg stage (N = 7 
nests) successfully fledged, generally because the parents abandoned the nest in 
response to RIFA activity; or the nest contained both nestlings and eggs, and the 
nestlings were depredated by the RIFA (after which the adults abandoned the nest).  
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Similar results were observed when Solenopsis geminata (Fabricius) interrupted 
incubation and caused incubating birds to abandon their nests (Mrazek 1974). 
 
We expect that the mean duration of RIFA activity at a nest will actually be far longer 
than the observed minimum duration.  The minimum duration of RIFA predation events 
ranged from 5.023 to 57.207 h for all nests.  Differences in duration times were not 
explained well by nest stage and instead are likely to be an artifact of the limitation of 
using 24 h video to capture the entire event.  RIFA were still present at the end of 
footage for eleven of the tapes, and thus, the total time that RIFA were active at those 
nests must be longer than the minimum observed duration.  This is born out by the two 
nests for which additional tapes were available:  RIFA remained at these two nests for a 
total of 38 and 57 h. 
 
That the longest RIFA duration observed occurred in a nest (BCVI 2.29.2 in 1999) 
during the egg phase of the nest cycle is intriguing, and begs the question of whether 
RIFA have some ability to recognize eggs, even those without irregularities in the 
eggshell, to be potential food.  Because the eggs in this nest were ultimately depredated 
by a snake, it is obviously impossible to know if RIFA activity may have persisted long 
enough for the eggs to have begun pipping, after which they would have been lost to 
RIFA predation (Allen et al. 1995, 1999).  We speculatively hypothesize that long 
duration of RIFA activity in nests of a variety of species may predispose them to be 
present when hatching begins, after which normal recruitment and feeding may ensue.  
For instance, Allen et al. (1999) found that RIFA exposed to non-viable eggs of 
American alligator breached eggs with irregularities on the egg surface and fed upon 
them.  For BCVI and other egg brooders, sloughed off feathers or other sign likely 
present in bird nests may stimulate persistence of activity by RIFA, resulting in an 
increased likelihood that the ants would be present at pipping/hatching. 
 
Except for the single nestling that fledged prematurely in response to RIFA (see below), 
all nestlings remained in the nests following the onset of ant activity.  We expect that 
RIFA will remain at a nest until fully exhausting all available prey (nestlings).  Hill (1970) 
reported an extreme case when a few RIFA were observed in the nest of pen-raised 
cottontails two or three weeks following their predation of the nest.  Owing to the small 
mass of BCVI nestlings (1 - 9 g depending on age), ants may not remain foraging at a 
BCVI nest as long as they did at the cottontail nest.  We also suspect that the length of 
time RIFA spend at a BCVI nest may vary with distance of BCVI nest from RIFA nest 
due to limitation in initial recruitment on foraging trails.  Long recruitment periods may 
decrease the rate at which the nestlings are killed and consumed. 
 
Mortality response time 
 
Mortality response time increased significantly with BCVI nestling age (in days) (r² = 
0.945, p = 0.006).  Older nestlings sustained predation longer than younger ones before 
dying.  The altricial BCVI nestlings hatch essentially naked, with eyes closed and 
weighing approximately 1 g, and they remain completely dependent upon parental care 
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until fledging.  Eyes open at 5 days and the young are tended by both parents until they 
leave the nest at 10-12 days, weighing approximately 9 grams.  Due to this life history 
strategy, BCVI are highly vulnerable to RIFA predation, especially early in their 
development.  Although older nestlings were able to survive a longer amount of time in 
the presence of RIFA, virtually all nestlings attacked by RIFA ultimately died.  
Management of RIFA is essential to protect nestlings of all stages of development, but 
is particularly important for young hatchlings. 
 
Nest defense behavior 
 
All observed RIFA predation events at the nestling stage resulted in mortality of all 
nestlings, with the possible exception of the one nestling that fledged prematurely from 
nest 24.41.2.  Premature fledging in BCVI has been observed as early as 8 days post-
hatching due to predation pressure (Grzybowski 1991).  Although this nestling may 
have escaped RIFA mortality in the nest, its fate is unknown.  It is possible that this 
chick may have survived, but it also may have been subsequently attacked by RIFA or 
other predators outside of the nest, or died due to wounds suffered from the RIFA 
attack, exposure, or some other cause.  Most nestlings (N = 6 nests) immediately 
responded to RIFA attack by exhibiting panic behavior.  The effect of RIFA on the BCVI 
nestlings observed in this study appears to be much more dramatic than that of 
Bobwhite Quail chicks in a manipulated laboratory study reported by Pedersen et al. 
(1996).  This is perhaps not surprising, given that BCVI chicks are small and altricial, 
while bobwhite chicks are larger and precocial.  BCVI chicks thus appear to be more 
susceptible to the effect of RIFA stings.  In contrast to the laboratory setting, RIFA 
continued to recruit other workers from the colony throughout the predation events at 
BCVI nests.  
 
BCVI parents engaged in nest defense against swarming RIFA expend, on average, 
almost 3 x (range = 2.34 - 4.4 x) the expected energy expenditure of a parent simply 
brooding nestlings through the night.  The consequences of this energy expenditure are 
not obvious, but there are reasons to warrant concern.  First, although this level of 
energy expenditure is certainly below the metabolic ceiling for the species (e.g., 
Williams, 1993, reports field metabolic rates for Orange-breasted Sunbirds (Nectarinia 
violacea) during brood rearing to be 6.3 x basal), our estimates of energy expenditure 
are minimal because we assumed that birds not visible in the video footage spend that 
time in alert perching.  It is likely, however, that they are engaged for some of that time 
in more costly activities. 
 
Second, the increase in energy expenditure is typically acute, with the bird escalating its 
behavior from sleep to defense over a very short time period.  This behavioral 
escalation has the appearance of a “flight/fight” response, which may involve cascading 
hormonal (corticosteroid stress hormone), neuronal, and other organismal and cellular 
functions (cardiovascular, respiratory).  Moreover, this escalation of behavior typically 
occurs during the night, a time of day when these birds may be particularly susceptible 
to nocturnal predators. 
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Finally, BCVI parents engaged in nest defense against swarming RIFA must receive 
numerous bites and stings (envenomization).  RIFA venom consists predominantly of 
piperidine alkaloids that have a wide range of physiological activities, including mast cell 
release, and hemolytic, cytolytic, necrotic, antimicrobial, and insecticidal properties.  In 
addition, three or four small aqueous protein fractions appear to be responsible for an 
allergic response in humans (Leclercq et al. 1998, Goddard 1996).  In humans, pustules 
that develop from RIFA stings may later become secondarily infection.  The effects of 
the toxic alkaloids and the allergens in birds is poorly understood, but various studies 
have demonstrated compromised growth rates and survivorship in bobwhite quail chicks 
exposed to RIFA (Allen 1993, Allen et al. 1995, Giuliano 1996, Mueller et al. 1999). 
Allen et al. (1999) found that juvenile alligators subject to RIFA stings attained lower 
body mass than that of control individuals. That difference in body mass persisted 3 
weeks post-treatment, and may lead to decreased survival of impacted juvenile 
alligators. Furthermore, other studies (e.g., Nordling et al. 1998) have shown 
suppression of immune hresponse and resistance in birds due to reproductive effort.  In 
the Collared Flycatcher (Ficedula albicollis), this contributed to heightened adult 
mortality.  In addition, if RIFA are consumed during nest defence, the toxicity of the ants 
could also have detrimental effects on the adult birds (Bennet et al. 1996).  Could the 
combined effects of the rigors of reproduction with the behavioral and physiological 
responses to RIFA similarly increase adult mortality in the BCVI and other bird species 
newly exposed to RIFA?  If so, RIFA may constitute a novel mechanism mediating the 
life-history cost of reproduction and the evolutionary consequences of such costs. 
 
Interspecific interactions among BCVI predators 
 
Red imported fire ants negatively affect BCVI through direct inducement of nest 
abandonment, causing mortality of nestlings, and behavioral, ecological, and 
physiological costs to adults.  But RIFA affect many other species besides BCVI, 
including competitors and other predators, and thus the potential for positive indirect 
effects must also be recognized.  Positive indirect effects of RIFA on BCVI could arise 
via reductions in the population size of other predators (e.g., Rattus and other 
vertebrate predators).  Positive indirect effects could also arise through changes in a 
predator’s or a competitor’s habitat selection and foraging ecology.  The potential for 
such indirect effects is provided by the interaction of the Rattus individual at BCVI nest 
2.28.2.  Our interpretation of this interaction is that the Rattus retreated immediately 
upon encountering RIFA.  If the presence of RIFA has a deterrent effect on Rattus and 
other predators of BCVI then, at the scale of BCVI nesting habitat, the potential overall 
effect of RIFA on BCVI would include positive indirect effects, even while its direct effect 
remains negative. 
 
Future research 
 
Our current work quantified the behavior of BCVI adults and nestlings in response to 
RIFA predation.  To fully understand the consequences of predation on the endangered 
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vireos, we must evaluate the relative costs associated with predation by RIFA to that of 
behavior prior to the onset of RIFA.  To make this comparison, we need to quantify the 
behavior of BCVI prior to the onset of RIFA and compare the physiological costs 
associated with the observed behavioral shift in the presence of RIFA.  This additional 
work would allow us to understand not only the cost to nestlings (mortality) but the 
relative costs to the parent defending the nest.   
 
Understanding the duration that RIFA remain at a BCVI nest is essential to managing 
RIFA effectively and calculating the cost to the BCVI associated with each predation 
event.  The minimum observed duration for all RIFA visits was only estimable for this 
study based on 24 hr intervals of RIFA activity.  RIFA depredated the nests just after 
midnight and remained at most nests until the end of the available footage.  If RIFA 
were still present at the end of footage for these tapes, the total duration that RIFA 
remain at nest is longer than the minimum observed duration.  For the two nests that 
additional tapes were available, RIFA remained at the nest for a total of 38 and 57 
hours.  It is, therefore, necessary to follow-up this research by looking at tapes for the 
days following the initial outcome dates of RIFA predation to observe how long RIFA 
remain at nest.  We predict that the mean duration of a RIFA visit is actually far longer 
than that observed in our present study.  The longer the RIFA remain at a BCVI nest, 
the more detrimental the effects of each predation event are on the BCVI breeding 
population at Fort Hood. 
 
The geographic overlap of the range of RIFA and the nesting areas of BCVI need to be 
better understood.  This work is largely underway:  BCVI nesting areas are well 
documented at Fort Hood, and one of us (SJT) is currently involved in studies that will 
provide information on the spatial distribution of RIFA at Fort Hood.  However, it may be 
beneficial to gain more detailed information on RIFA habitat/microhabitat usage within 
the breeding areas of BCVI. 
 
Investigation of RIFA control methods suitable for use in BCVI nesting habitat should be 
carried out.  Clearly, general use of insecticides could be injurious to BCVI.  The 
efficacy of various approaches could be investigated. 
 
The video tapes we analyzed clearly demonstrate the presence of ants presumed to be 
the Red Imported Fire Ant.  However, our field studies suggest that there are at least 
several arboreal ant species at Fort Hood.  In addition, more than 290 species of ants 
are known to occur in Texas (O’Keefe et al. 2000).  Elsewhere, ants have been shown 
to have significant impacts on bird nesting (e.g., Haemig 1999).  Thus, it is unclear if 
RIFA are necessarily the species of ants responsible for all instances of BCVI nest 
attacks by ants.  Future studies should examine the arboreal foraging activity of ants in 
habitat suitable for BCVI nesting.  This work could involve placing baits and/or sticky 
traps at various elevations above ground.  Video analysis strongly suggested that most 
ant attacks occur at particular times and temperatures.  To examine effects of time of 
day and temperature, arboreal ant studies should include temperature logging and 
sampling across time both on a 24 h basis and across seasons.  Other factors that 
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could be examined at varying distances from the ground might include time to find bait 
and recruitment rate. 
  
It would be useful to have more information on fate of adults following a BCVI/RIFA 
incident: what are the ecological and life-history consequences? If BCVI nest 
depredation occurs early in the breeding season (May, June), does the pair remain 
bonded and do they attempt to renest? Does the female desert the male and look for 
another male? From year to year, do return rates of birds that suffered RIFA attacks 
differ from those that didn’t? Could birds be examined following RIFA activity for evident 
reaction to venom/allergens (pustules, etc.)? 
 
Infrared (950 nm) was assumed to have no influence on the predator assemblage 
(Stake 2000). All RIFA predation events, however, were initiated at night in the 
presence of infrared.  No data is available indicating that infrared is used by any 
members of the genus Solenopsis as a foraging cue.  Far infrared, however, induced 
violent movement of the legs and antenna when Solenopsis saevissima richteri Forel 
were mounted close to the radiation (Callahan 1971).  Further investigation of the 
response of RIFA to infrared light may be necessary to confirm the null effect of infrared 
on BCVI nest predation.  We propose that a future study conduct an experiment to 
compare the number of RIFA collected at paired bait traps:  (1) Control-absence of 
infrared and (2) Treatment-infrared stimulus at 1 m off of the ground (to simulate BCVI 
nest height).  If infrared has no affect on the predation rates of RIFA, then we expect to 
find no significant difference among the RIFA densities in the paired bait traps. 
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Appendices 
 
 
 
 
 
 
 
 
 
 
Appendix 1.  Criteria for evaluating the film quality of video tapes used in the analysis 
of RIFA predation of BCVI nests. 
 
 
Film Quality Description 
 
Good 
 
The image is clear and the footage is undisturbed 
 
Vertical lines 
 
Vertical lines appear across the screen 
 
Moving image 
 
The image is bouncing up and down due to wind or other 
disturbance moving the camera 
 
Black screen 
 
The image is completely dark and observation is not 
possible 
 
Poor tracking 
 
Horizontal lines are moving up and down across recorded 
image 
 
Sun glare 
 
Glare from the sun makes it difficult to see the image clearly 
but observations are still possible 
 
Extreme sun glare 
 
Glare from the sun makes it difficult to see the image, such 
that precise observations are nearly impossible  
 
Grainy image 
 
Image has black and white spots, usually associated with 
filming in the dark (at night)  
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Appendix 2.  The criteria used to evaluate the visibility of focal nests on the video 
monitor.  
 
 
Visibility of Focal Nest Description 
 
Good 
 
Focal nest is unobstructed and easily seen 
 
Partial leaf cover 
 
Focal nest is easily viewed but partially obstructed by a 
leaf 
 
Complete leaf cover 
 
Focal nest is easily viewed but completely obstructed 
by a leaf 
 
Side view 
 
Adults are visible but camera angle makes observation 
of nest contents (e.g. eggs, chicks) impossible  
 
Human hand 
 
Human hand enters the image and is manipulating the 
focal  
 
Moving nest 
 
Nest is moving making it difficult to assess data for the 
focal nest.  Usually due to tree blowing in the wind 
(nest or camera moving). 
 
Poor  
 
Vantage point of camera makes observation of 
impossible 
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Appendix 3.  Behaviors observed for BCVI adults at focal nest.  Sex of one or more 
adult BCVI present at a given time was noted (M/F/both/neither): male (M), female (F), 
both male and female present (both) or neither a male or a female present (neither). 
 
 
Behavior  Description 
 
Perched on rim of nest 
 
Adult bird is sitting on the rim of the focal nest but not 
pecking at or sitting inside of the nest 
 
Perched on nest/pecking 
 
Adult bird is perched on nest and pecking at the nest; 
usually poking its head into and out of nest 
 
Perched on branch 
 
Adult bird is perched on a branch close to or supporting 
the focal nest 
 
Perched on 
branch/pecking 
 
Adult bird pecks at the branch while perched on it 
 
Preening 
 
Adult bird is preening its own feathers, pecking at its 
own plumage   
 
Hopping on branch 
 
Adult bird is hopping up and down or changing position 
on the branch it is perched on 
 
Hopping on nest 
 
Adult bird is hopping up and down or quickly changing 
position on the rim of the focal nest or while inside nest 
 
Feeding mate 
 
Adult bird is feeding mate and regurgitating food out of  
its own mouth into the mouth of its adult mate 
 
Receiving food 
 
Adult bird receives food from another adult bird, either 
as a whole prey item or in a regurgitated form 
 
Feeding nestling(s) 
 
Adult bird regurgitates food from its own mouth into the 
mouth(s) of one or more nestlings  
 
Receiving food/ feeding 
nestling(s) 
 
Adult bird is fed by its mate and then regurgitates this 
food from its own mouth into the mouth(s) of one or 
more nestlings; receiving/feeding behavior occur 
together  
 
Incubating eggs 
 
Adult bird is sitting on and incubating unhatched eggs 
 
    (Appendix 3 is continued on following page) 
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Appendix 3.  Continued. 
 
 
Behavior  Description 
 
Brooding nestlings 
 
Adult bird is sitting on and incubating hatched nestlings 
 
Brooding clutch 
 
Adult bird is sitting on and incubating clutch of eggs 
 
Incubating 
nestlings/pecking 
 
Adult bird is sitting on and incubating hatched nestlings 
while pecking at nest 
 
Incubating 
clutch/pecking 
 
Adult bird is sitting on and incubating clutch of eggs 
while pecking at nest 
 
Opening/closing of 
mouth 
 
Adult bird is opening and closing its mouth of eggs 
while pecking at nest of eggs while pecking at nest 
 
Flying at/around nest 
 
Adult bird is flying in and out of the image at least once 
every 20 seconds, perching on a single branch or the 
focal nest no longer than two seconds, behavior 
includes dive-bombing and flying in circles 
 
Flying away from nest 
 
Adult bird is flying toward the focal nest 
 
Flying toward nest 
 
Adult bird is flying away from the focal nest 
 
Pecking / rapid pecking 
 
Adult bird is pecking or rapidly pecking itself or the 
nest, presumably to remove RIFA 
 
Lying in empty nest 
 
Adult bird is lying in focal nest when no nestlings or 
eggs are present 
 
Lying in empty 
nest/pecking nest, no 
nestlings/eggs are 
present 
 
Adult bird is lying in focal nest and pecking at nest 
when no nestlings or eggs are present 
 
Sleeping 
 
Adult bird closes its eyes and remains relatively 
motionless while in the nest; bird may also put its wing 
over its head while resting 
 
N/A 
 
No adult bird is present at the described time, or an 
adult bird may be close by but not observable on tape 
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Appendix 4.  Status of entire clutch of eggs in focal BCVI nest. Clutch Size (#) was also 
noted, and indicates the total number of eggs in the clutch of the focal nest. 
 
 
Clutch Status Description 
 
Covered by adult 
 
An adult bird is sitting on/incubating/protecting the 
clutch of eggs 
 
Exposed 
 
Eggs are not covered or being incubated by an adult 
 
n/a 
 
No eggs are present, although nestlings may be 
present 
 
 
 
 
 
Appendix 5.  Behaviors collectively observed for entire brood of nestlings. We also 
indicated the total number of nestlings in focal nest (Nestlings, #); nestlings are juvenile 
BCVI unable to leave nest (usually =< 11 days old).  This number is listed for years 
1999, 2000, and 2001 in the database and we visually identified nestling number for 
1998. If this number is an estimate due to constrained visibility, then a "?" will follow the 
number. 
 
 
 
Behavior Description 
 
Undefined movement 
 
Nestling(s) is/are moving back and forth or up and 
down in the nest, usually difficult due to visibility of nest 
 
Covered by adult 
 
Nestling(s) is/are not visible to viewer because the 
adult  is incubating the nestling(s) 
 
Opening/closing mouth  
 
Nestling(s) is/are opening/closing mouth, may include 
vocalizing  and/or thermoregulating 
 
Panic behavior 
 
Nestling(s) is/are moving in nest erratically from side to 
side or up and down, in apparent discomfort 
 
Motionless 
 
Nestling(s) is/are motionless, which may indicate sleep 
or death 
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Appendix 6.  Behavioral changes observed collectively for all RIFA observed at focal 
nest.  We also estimated RIFA density as: none (N=0 ants)  low (L= 0-5 ants), med 
(M=5-10 ants), High (H>10 ants). 
 
 
 
Behavior Description 
 
Walking toward nest 
 
One or more ants walking toward the focal nest 
 
Walking away from nest 
 
One or more ants walking away from the focal nest 
 
Walking to/from nest 
 
Multiple ants walking in opposite directions (to and from 
focal nest) along foraging trail 
 
Swarming nest 
 
Multiple ants (at high density) swarming the focal nest 
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Appendix 7.  Calculations of energetic expenditure of adult Black-capped Vireo 
defense behaviors.  
 
 
We derive our initial calculations from Aschoff and Pohl (1970) who provide allometric 
equations to calculate standard metabolic rate for passerine and nonpasserine birds 
that are in the active phase and the inactive phase (sleep) of the daily cycle.   
 
We will calculate the standard metabolic rate for 9 g bird in the inactive phase, using the 
allometric equation for Kcal/day: M = 114.8 x (W0.726), where W = mass of the bird and 
M = metabolic rate.  This gives 3.75 Kcal/day.  Using the conversion, 1 Kcal = 4.187 kJ, 
this converts to 15.726 kJs/day, or 0.655 kJ/h. 
 
Using the equation for the active phase, M = 140.9 x (W0.704), we calculate 5.11 
Kcal/day, or 21.4 KJ/day, which is equivalent to 0.892 kJ/h. 
 
Now, to apply to particular behaviors, we assume each behavior costs the bird some 
multiple of its standard rate, using which ever rate (active or inactive) is appropriate.  
For instance, assuming an alert perching cost of 1.7 BMRactive we calculate that the cost 
of alert perching per day is 1.7 x (21.4KJ/d) = 36.38 KJ/d for a 9 g bird.  Remember that 
this is equivalent to1.52 kJ/h. 
 
We use similar calculations for each other behavior. 
 
To compare the costs of defense to other costs, we can use allometric equations given 
by Nagy et al. (1999) give two equations for calculating field metabolic rate (FMR) for 
passerine birds: 
 
(1) M = 10.4 x (W0.68); for 9 g bird, FMR =  46.33 kJ/d. 
 
(2) M = 15.94 x (W0.53); for 9 g bird, FMR =   51.08 kJ/d 
 
This compares to the mean expenditure for nest defense by BCVI, which when 
expressed on a scale of per day is: 43.5 kJ/d (range: 36.7 kJ/d - 69.6 kJ/d).  
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Appendix 8.  Selected literature relating to the impact of RIFA on wildlife, including 
evidence of avian predation and disturbance. 
 
Primarily derived from FORMIS: http://cmave.usda.ufl.edu/~formis/ accessed on 
July 31 2002).  FORMIS DATABASE Compiled by: Daniel P. Wojcik and Sanford 
D. Porter, USDA-ARS, CMAVE, P.O. Box 14565, Gainesville, FL 32604 USA. 
Major Contributors (alphabetical order): Cesare Baroni Urbani, William L. Brown, 
Michel Chapulsat, Daniel Cherix, Harold G. Fowler, Laurent Keller, Bert 
Hölldobler, Luc Passera, Sanford D. Porter, F.M. Schlittler, Steve O. Shattuck, 
USDA-National Agriculture Library, Philip S. Ward, Edward O. Wilson, Daniel P. 
Wojcik. 
 
 
Barr, C.L., Drees, B.M., Cohen, N.D., Reagor, J.C., Eugster, A.K., Sprott, L.R., Bade, 
D.H., Cornforth, G.C., and Vinson, S.B. 1994. Texas veterinarian survey: impact of red 
imported fire ants on animal health. Final report. Texas Agricultural Extension Service, 
Texas A&M University, College Station, TX. 43 pp.  
Notes: Detail responses of vets to survey on red imported fire ants. Animal groups included small 
animal, bovine, equine, poultry, wildlife, ratites, other exotics, & other. Mortality was reported by 
110 respondents, detailing 2,649 death, for a $3,486,047 loss. Ratite birds accounted for only 
2.8% of the injuries & 8% of the deaths, which represent >$2.1 million. Total cost of annual 
treatment of >13,000 animal injuries in 1991 was $726,904.53. Summary published as Barr, C.L., 
et al., Fire ants and animal health: A comprehensive survey, DVM Issues (Texas Veterinary 
Medical Association) 1995(March): ? (3 p.).  
 
Barr, C.L., Drees, B.M., Eugster, A.K., Cohen, N.D., Reagor, J.C., Sprott, L.R., Bade, 
D.H., Cornforth, G.C., and Vinson, S.B. 1995. Fire ants and animal health: A 
comprehensive survey. DVM Issues (Texas Veterinary Medical Association) 
1995(March) 3 pp.  
Notes: Summarizes Barr et al., 1994, Texas veterinarian survey: impact of red imported fire ants 
on animal health, Texas Agr. Ext. Ser., Texas A&M Univ., College Station, TX. 43 p. Animal 
groups included small animal, bovine, equine, poultry, wildlife, ratites, other exotics, & other. 
Mortality was reported by 110 respondents, detailing 2,649 death, for a $3,486,047 loss. Ratite 
birds accounted for only 2.8% of the injuries & 8% of the deaths, which represent >$2.1 million. 
Total cost of annual treatment of >13,000 animal injuries in 1991 was $726,904.53. 
 
Conner, R.N., Anderson, M.E., and Dickson, J.G. 1986. Relationships among territory 
size, habitat, song, and nesting success of northern cardinals. Auk 103:23-31. 
Notes: One of 14 nesting failures in 3 years was attributed to RIFA predation. 
 
Delnicki, D.E. and Bolen, E.G. 1977. Use of black-bellied whistling duck nest sites by 
other species. Southwestern Naturalist 22: 275-277.  
Notes: gives 2 instances of S. xyloni attacking & killing pipping eggs & ducklings. 
 
Dickinson, V.M. and Arnold, K.A. 1996. Breeding biology of the Crested Caracara in 
south Texas. Wilson Bulletin 108:516-523.  
Notes: Newly-hatched chicks were killed by S. invicta. 
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Dickinson, V.M. 1995. Red imported fire ant predation on crested caracara nestlings in 
south Texas. Wilson Bulletin 107:761-762.  
Notes: Two instances of S. invicta predation on newly hatched nestlings caused nestling mortality 
and nest abandonment. 
 
Drees, B.M. 1992. Impact of red imported fire ant predation on low-nesting colonial 
waterbirds on the Rollover Pass Islands, Texas. Pages 1-7. In Drees, B.M., and C.L. 
Barr, (compilers), Red imported fire ant result demonstrations/applied research 1990-
1991, Texas.  
Notes: Published as: Drees, B.M., 1994, Red imported fire ant predation on nestlings of colonial 
waterbirds, Southwestern Entomolologist 19:355-359  
 
Drees, B.M. 1994. Red imported fire ant predation on nestlings of colonial waterbirds. 
Southwestern Entomologist 19:355-359.  
Notes: Text incorrectly states M. minutum. Fall broadcast treatment with fenoxycarb bait provided 
79-99% ant suppression during the spring summer nesting season in 1990 & 1991. Ant predation 
caused a 92% reduction of waterbird production during this monitoring period.))  
 
Fomin, B., Thompson, L., Semevski, S., and Semenov, S. 1995. Using historical 
USFWS breeding bird survey data to assess fire ant impact on birds. Page 131 in 
Proceedings, 5th International Pest Ant Symposia and 1995 Annual Imported Fire Ant 
Conference, San Antonio, Texas.  
 
Giuliano, W.M., Allen, C.R., Lutz, R.S., and Demaris, S. 1996. Effects of red imported 
fire ants on northern bobwhite chicks. Journal of Wildlife Management 60:309-313.  
Notes: Compared to unexposed birds, survival of chicks was reduced with exposure to as few as 
50 RIFA for 60 sec, or 200 RIFA for 15 sec, and body mass was lower in chicks exposed to 200 
RIFA for 60 sec. Results support the hypothesis that quail populations can be adversely affected 
by direct exposure to RIFA. 
 
Griffin, C.P., Morrow, M.E., and Silvy, N.J. 1997. Insects as a possible limiting factor for 
Attwater's prairie-chicken Tympanuchus cupido attwateri. Wildlife Biology 3:288.  
Proceedings of the 7th International Symposium on Grouse, Fort Collins, Colorado, 20-
24 August 1996. 
 
Hill, E.P., III. 1970. Observations of imported fire ant predation on nestling cottontails. 
Proceedings of the Southeastern Association of Game and Fish Commissioners 
23:171-181.  
Notes: S. saevissima is S. invicta or S. richteri in North America; Paper given at 1969 meeting, 
published 1970. 
 
Hooper, L.M., Rust, M.K., and Reierson, D.A. 1994. Patterns of foraging activity of the 
southern fire ant, Solenopsis xyloni (McCook), in a colony of an endangered bird 
species. Page 118 in Proceedings of the 1994 National Conference on Urban 
Entomology.  
Notes: Ants started foraging at 1600 h in July; by 1400 h in Oct.; approx. 4.25 h before sunset. 
Foraging terminated at 0700. Peak foraging occurred at 2100 & 0300 h. 
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Hooper, L.M. and Rust, M.K. 1997. Food preference and patterns of foraging activity of 
the Southern fire ant (Hymenoptera: Formicidae). Annals of the Entomological Society 
of America 90:246-253.  
Notes: Other ants nesting in same disturbed habitat as S. xyloni. S. xyloni is primarily a nocturnal 
forager, begining about 4 h before sunset, with maximal foraging 2-7 h after sunset. Given as 
unpublished data: All S. xyloni colonies excavated in this study were polygynous; S. xyloni 
tolerates a ground temperature of 35 d C; For S. xyloni intensive foraging begins when 
reproductives are formed in May & June, for release during June - August. 
 
Kroll, J.C., Arnold, K.A., and Gotie, R.F. 1973. An observation of predation by native fire 
ants on nestling Barn Swallows. Wilson Bulletin 85:478-479.  
Keywords: ant, Formicidae, Solenopsis geminata, North America, Texas, scientific, biology, diet, 
prey, ecology, interspecific interactions, behavior, foraging, impact, wildlife, bird, Hirundo rustica  
 
Littlefield, C.D. 1987. Probable sandhill crane chick mortality resulting from ant 
harassment. Murrelet 68:107-108.  
Notes: In 2 separate instances M. incompleta & unidentified ants are thought to have harassed 
adult birds into abandoning eggs & chicks. 
 
Lockley, T.C. 1995. Effect of imported fire ant predation on a population of the least 
tern: an endangered species. Southwestern Entomologist 20:517-519.  
Notes: Fire ants were observed stinging & clinging to 22 chicks eyes & feet. 26 chicks were 
observed with wounds from stings. Logic treatment resulted in a 26.7% reduction in chick 
mortality. 
 
Moulis, R.A. 1996. Predation by the imported fire ant (Solenopsis invicta) on loggerhead 
sea turtle (Caretta caretta) nests on Wassaw National Wildlife Refuge, Georgia. 
Chelonian Conservation Biology 2:433-436.  
Notes: 7 of 96 nests were invaded by S. invicta in 1992. From 1992 to 1994, 21 nest (8.27%) 
were infested with RIFA. In 1992 & 1994, the number of dead hatchlings found in RIFA infested 
nests was significantly higher than those found in RIFA uninfested nests. 
 
Mrazek, R.W. 1974. The relationship of the fire ant (Solenopsis geminata Fabricus) to 
the young of birds nesting on two spoil islands in the Laguna Madre. M.S. thesis, Texas 
A&I Univ. Kingsville. 122 pp. 
Notes: S. geminata observed killing nestlings of skimmers & terns; & adult birds abandoning 
nests invaded by fire ants. 
 
Rambo, G. 1995. Endangered species: Turtles and rats. Pest Control Techniques 
23(10):134. 
Notes: Fire ants attack hatching turtles, killing or injuring them. Makes argument for controlling 
fire ants in turtle nesting areas. 
  
Sikes, P.J. and Arnold, K.A. 1986. Red imported fire ant (Solenopsis invicta) predation 
on cliff swallow (Hirundo pyrrhonota) nestlings in East-Central Texas. Southwestern 
Naturalist 31:105-106.  
Keywords: ant, Formicidae, Solenopsis invicta, North America, USA, Texas, scientific, prey, 
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of immature Amblyomma maculatum (Acari: Ixodidae) and other ectoparasites on 
meadowlarks and northern bobwhite quail resident to the coastal. Journal of Medical 
Entomology 35:483-488.  
A survey of ectoparasites from 219 meadowlarks conducted during 2 consecutive fall-winter 
periods in a coastal prairie found immature Amblyomma maculatum Koch to be the most 
abundant parasite. Peak larval infestations occurred in December with 80-100% of collected birds 
infested and with a monthly mean of up to 34 larvae per bird. Peak nymphal infestations occurred 
in February or March with 95-100% of birds infested and with a monthly mean of up to 11 nymphs 
per bird. Seasonal dynamics of these stages offered possible insight into the persistence of A. 
maculatum in an area long infested with the red imported fire ant, Solenopsis invicta Buren. Four 
other species of ticks also were collected but in substantially lower numbers; Amblyomma 
cajennense (F.), Amblyomma inornatum (Banks), Haemaphysalis chordeilus (Packard), and 
Haemaphysalis leporispalustris (Packard). This appears to be the 1st host record of A. 
cajennense from meadowlarks. A collection of 17 northern bobwhite quail indicated that most of 
these birds were infested with A. maculatum but at a lower level than meadowlarks. The 
collections of 2 species of Mallophaga from meadowlarks and 4 species from the northern 
bobwhite quail are discussed.  
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(Solenopsis invicta): a growing menace to sea turtle nests in Key West National Wildlife 
Refuge. Pages 341-343 in Keinath, J.A., Barnard, D.E., Musick, J.A., and Bell, B.A. 
(eds.), Proceedings of the 15th Annual Workshop. 
Notes: Fire ants observed feeding on breached sea turtle eggs, & stinging, killing, &, feeding on 
turtle hatchlings on remote islands in the Florida Keys. 
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Yosef, R. and Lohrer, F.E. 1995. Loggerhead shrikes, red fire ants and red herrings? 
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Notes: RIFA decreased fledgling success by the birds; but say these are spurious results in spite 
of their own statistics. 
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Appendix 9.  Summary of video clips on enclosed CD. 
 
 
 
FileName 
 
Nest # 
INHS
Tape Date hr mn sc
 
Topic of Video Clip 
 
 
Clip1_SnakeBCVI_Tp41 44.8.3 41 06:17:00 5 48 20 Rat Snake eats nestlings - 
Elaphe obsoleta.  Could not 
determine subspecies 
(character unclear) - both E. 
o. emoryi and E. o. 
lindheimeri occur at Fort 
Hood, the latter is a more 
common bird predator 
Clip2_ratinvestigates 2.28.2 5 6:16:99 0 35 25 rat investigates eggs in nest, 
leaving mark on egg 
Clip3_RIFAHighDensSwarm BCVI 2 21 06:21:01 12 33 51 good example of ants 
swarming nest of eggs at high 
density 
Clip4_RIFAforceLeavingNest BCVI 7 22 06:25:01 6 28 18 good example of ants 
swarming causing parent to 
leave nest 
Clip5_PeckingRemovingRIFA BCVI 7 22 06:25:01 6 31 56 good example of female 
pecking and removing ants 
from nest 
Clip6_RIFAveryDense 44.27.1 13 7:2:00 6 27 2 ants extremely dense on nest 
Clip7_AdultWithWorm 44.27.1 13 7:2:00 6 47 25 adult arrived at nest with 
worm or vegetation in mouth 
Clip8_FemWithEgg BCVI 7 22 06:25:01 6 51 9 female with egg in her mouth 
Clip9_AdultRemovesRIFA 3.7.1 26 5:15:98 6 49 15 adult appears to be removing 
ants from nest 
Clip10_PostOutSwarming 12.2.1 28 5:15:98 20 35 7 post-outcome example of ants 
swarming empty nest 
Clip11_ChicksSquirm 2.27.2 34 6:12:98 4 11 26 some chicks already dead, 1 
continues to squirm 
Clip12_FecalSac 2.27.2 34 6:12:98 7 47 27 female removing and eating 
fecal sac from nest 
Clip13_LgBlkAnt 44.36.1 29 5:21:98 22 55 19 large black ant on nest-
probably throw this one out - 
can't see them 
Clip14_LgBlkFlies 2.27.2 34 6:12:98 12 31 21 large black flies 
Clip15_Cricket 2.28.2 6 6:17:99 5 3 33 cricket or tettigoniid. Also a 
spider hanging from nest 
Clip16_Ejection 24.41.2 16 7:20:00 17 19 40 one nestling leaves nest, 
others motionless 
Clip17_RemovingAnt BCVI 2 21 06:21:01 11 49 42 adult appears to be removing 
ants from nest 
Clip18_FlyAtNest BCVI 2 21 06:21:01 19 7 23 calliphorid fly crawling/flying 
at/around nest 
Clip22_OpenMouth BCVI 7 22 06:25:01 16 43 58 mouth open while on nest 
Clip23_AdultOnNest BCVI 7 22 06:25:01 16 55 18 adult on nest sitting high 
Clip24_AdultOnNestLow BCVI 7 22 06:25:01 16 58 45 adult on nest sitting low 
Clip25_AntsOnNestMedium BCVI 7 22 06:25:01 21 38 16 ants on nest, medium 
density? 
 
 
